Objective: The objective of this study was to examine the effect of hospitallevel factors on mortality of very low birth weight infants using multilevel modeling.
Introduction
Previous studies have shown that neonatal outcomes for very low birth weight infants appear to be better in high level, high-volume centers and supports the concept of regionalized healthcare for high-risk pregnancies and newborns. 1, 2 However, owing to the increased availability of technology and trained personnel, there has been a dissemination of specialty perinatal and neonatal services beyond large, centralized academic centers. [3] [4] [5] In California, this trend has manifested as an increased number of midlevel neonatal intensive care units.
Proponents of a deregionalized system argue that it improves access to specialty care. However, despite more units, access to care for low birth weight infants in California has not appreciably changed, as evidenced by a small reduction in deliveries in lowerlevel units. 6 Instead, it has resulted in the diffusion of delivery volume from centralized, higher-level units to the more abundant, midlevel units. If hospital volume, rather than the level of care or the presence of hospital specialty services, is the primary factor for improved outcomes for high-risk pregnancies and newborns, then this trend is certainly worrisome. Therefore, the purpose of this study is to evaluate the impact of these hospital-level factors on the outcome of death for very low birth weight infants using multilevel modeling.
Methods
This is a secondary data analysis evaluating the odds of death for very low birth weight infants in the state of California from 1997 to 2002 as a function of hospital-level factors, and it represents an extension of previous work performed by our group. 1 In the aforementioned study, traditional, individual-level statistics (i.e., logistic regression) were used to examine the effect of hospital level of care and hospital volume on the odds of very low birth weight mortality, after adjusting for differences in case-mix by hospital site of delivery. 1 As a consequence of the statistical methodology used in that study, both individual-and hospital-level characteristics were analyzed at a single level, rather than in a hierarchical manner, and treatment of the data in that manner may have led to an overestimation of the true effect of the hospital level and volume on the outcome of mortality. 7 Conversely, the technique of hierarchical generalized linear modeling, also known as multilevel modeling, is applied in the present study, to account for the hierarchical nature of the data (infants delivered within hospitals). The implementation of multilevel modeling in the present study also allowed for the investigation of other hospital-level factors beyond level and volume, which may also have an impact on very low birth weight mortality.
Before study initiation, institutional review board approval was obtained from the State of California, Committee for the Protection of Human Subjects, the Office of Statewide Planning and Development, the University of California, Los Angeles and the University of California, Irvine. As the data were de-identified and retrospective, informed consent and Health Insurance Portability and Accountability Act waivers were obtained from all Review Boards.
Individual-level characteristics were obtained using birth certificate codes, death certificate codes and International Classification of Diseases, 9th Revision Clinical Modification codes in the Linked Patient Discharge Data/Birth Cohort File set from the California Office of Statewide Planning and Development. This data set was used in a previous study by our group, and specific details on the data preparation can be obtained in the publication of that work. 1 In brief, data from deliveries occurring in the state of California from 1 January 1997 to 31 December 2002 were available for analysis and were limited to singleton, very low birth weight neonates between 500 to 1499 gm. Neonates weighing <500 gm were excluded from the study, because there may be differences in whether such infants receive medical interventions after birth by their medical provider and/or hospital site of delivery. In addition, according to Phibbs et al. 2, neonates with congenital anomalies that may increase the risk of death were identified and excluded. Finally, as the purpose of the current study was to evaluate the impact of hospital services on very low birth weight mortality, neonates delivering in level-1 hospitals were omitted for this analysis, as these hospitals provide no neonatal intensive care services. Individual-level factors included in this analysis were identified a priori and included maternal antenatal factors (maternal age, race ethnicity, education level, insurance status, trimester at initiation of prenatal care, alcohol use, diabetes mellitus, drug use, hypertension, incompetent cervix, infection, maternal transport status, placental abruption, preeclampsia, premature rupture of membranes, preterm labor, history of previous preterm birth, placenta previa, renal disease, tobacco use), fetal antenatal factors (hematological, intrauterine growth restriction, large for gestational age, oligohydramnios, polyhydramnios, Rhesus isoimmunization) and delivery factors (birth weight, breech presentation, chorioamnionitis, cord prolapse, fetal distress, sex, route of delivery).
1,2 Year of delivery was also included, as we have noted a general trend toward improved outcomes with advancing year. 1, 2 As in our previous studies, the primary outcome of very low birth weight death was defined as in-hospital fetal deaths, deaths within the first 28 days of life and deaths within the first year of life among infants who were continually hospitalized from birth. 1, 2 This is because standard definition of neonatal death (death within the first 28 days of life) may be biased. 2 Hospital-level characteristics were obtained via three means. Data regarding annual hospital volume of very low birth weight deliveries were obtained from the California hospital discharge data set for each delivery year. Similarly, neonatal level of care was assigned, based on the technical capabilities of the site during each delivery year. 2, 3, 8, 9 Information on availability of maternal fetal medicine consultative services and neonatologists at delivery was obtained from a survey on hospital-based services for newborns, conducted by the California Association of Neonatologists in 2001. 8 Information on residency training programs (Obstetrics/ Gynecology and Pediatrics) and fellowship training programs (Maternal Fetal Medicine and Neonatology) were obtained from the Association of American Medical Colleges. To minimize the potential for multicollinearity, the presence of obstetrical and neonatal services in a particular hospital were treated in a hierarchical manner with hospitals containing fellowship training programs, residency training programs and consultative services serving as the reference group.
As previously noted, because the intent of this investigation was to evaluate hospital-level factors of neonatal intensive care units, the analysis excluded deliveries occurring in level-1 hospitals, in which no such services are provided. Characteristics of level-2 hospitals and higher are described in detail in previous publications. 1,2 Briefly, level-2 hospitals have no ventilatory capabilities. Level-3a hospitals have limited ventilatory capabilities. Level-3b hospitals have no limitations of ventilatory capabilities, but have no surgical services. Level-3c hospitals have no limitations on ventilatory capabilities and provide surgical services that do not require cardiopulmonary bypass and/or extracorporeal membrane oxygenation. Level-3d hospitals have no limitations on ventilatory capabilities and they provide all types of surgical services.
For each birth, hospital-level characteristics were assigned on the basis of the hospital's capabilities during the year in which the birth occurred. Infants who were transferred postnatally were assigned the hospital-level characteristics of the birth hospital. This is because existing literature suggests that infants transferred after birth to a higher level of care have worse outcomes than those who received treatment in the hospitals where they were born. Therefore, attributing an infant death to the receiving hospital would introduce bias to the study results. With respect to freestanding children's hospitals, the outcomes of neonates who ultimately received care in these facilities were attributed back to the delivery hospital, in the same manner as the outcomes of all other postnatal transfers. Although freestanding children's hospitals clearly provide neonatal intensive care services, they do not render any obstetrical care or immediate neonatal services in the delivery room. When summarizing hospital demographic information (Table 1) , annual hospital volume was determined by the average yearly volume of very low birth weight infants delivering in each hospital over the 6-year period of this study. For the analysis, volume was defined as the annual hospital volume by year of delivery, as volume may vary from year to year. This was carried out so as not to count a particular hospital more than once in the summary statistics, while not compromising the sensitivity of the ensuing data analysis. Similarly, when summarizing hospital demographic information for Table 1, neonatal intensive care unit level was defined as the level of care provided in 2001, as determined by the California Association of Neonatologists. For the analysis, hospital level was defined by the year during which the delivery occurred, as some hospital levels varied from year to year.
Stata/MP version 10.0 (Stata Corporation, College Station, TX, USA) was used for data management. Data were then imported into HLM version 6.04 (Scientific Software International, Lincolnwood, IL, USA) to determine the effects of the hospital-level characteristics. Hierarchical generalized linear modeling (multilevel modeling) was then performed, providing odds ratios and corresponding 95% confidence intervals. First, unadjusted odd ratios and 95% confidence intervals were calculated for each of the hospital-level factors (the presence of obstetrical specialty services, the presence of neonatal specialty services, neonatal intensive care level and volume variables), with the outcome of death was placed at the individual level. Adjusted odd ratios and 95% confidence intervals for the hospital-level variables were then determined using multilevel modeling, in which all hospital-level variables were included in the model and adjusted for all individual-level factors.
Results
Of the 177 neonatal intensive care units, we were able to obtain complete hospital-level data on 94.3% of the units (N ¼ 167) . Therefore, of the 26 215 very low birth weight infants meeting inclusion criteria and delivering in a level-2 hospital or higher, 25 755 (98.2%) were included in the multilevel analysis. Table 1 presents hospital-level characteristics as a function of average annual very low birth weight delivery volume. Residency training programs in both Obstetrics and Gynecology and Pediatrics were represented in all volume categories, whereas fellowship-training programs in Maternal Fetal Medicine and Neonatology were not found in low-volume centers (1 to 10 deliveries annually). Maternal Fetal Medicine and Neonatology-consultative services were found among all volume categories, with increasing availability as a function of increasing hospital volume. With respect to hospital level of care, lower-level hospitals generally had fewer very low birth weight deliveries per year, whereas higher-level hospitals were more likely to be higher-volume centers. Demographic data by hospital-volume is available in Supplementary Appendix 1. In summary, crude death rates are lower in high-volume units as compared with their low-volume counterparts. Baseline differences in case severity also appear to exist as a function of hospital volume. A higher proportion of women delivering in high-volume units were African American, but were less likely to be self-pay or to have government insurance. They were also less likely to have instituted prenatal care, late in pregnancy. With respect to antenatal risk factors for adverse outcomes, a greater proportion of deliveries in high-volume units had complicating factors, both maternal and fetal. Chorioamnionitis was also more common in high-volume centers.
In Table 2 , the unadjusted and adjusted odds of death for hospital-level factors are shown. These analyses indicate that increasing hospital-volume is associated with a progressive reduction in the odds of very low birth weight death. The highest odds of death were in units with an annual volume of 10 or fewer very low birth weight deliveries. Specifically, these units had 80% higher odds (odd ratio 1.79; 95% confidence interval 1.32-2.42) of very low birth weight death when compared with the highest volume units (>100 very low birth weight deliveries, annually). Neither hospital level of care training programs nor the presence of specialty obstetrical, or neonatal services had an independent effect on death.
Discussion
In this study, we used multilevel modeling to show that hospital volume is the primary hospital-level factor leading to a reduction in mortality among very low birth weight infants. Furthermore, the presence of training programs (residency and fellowship), or specialty obstetrical and neonatal services had no independent effect on the odds of death. Although the presence of such programs and services are correlated with neonatal intensive care unit level and volume, it is important to note that the addition of these hospital-level factors to the multilevel model did not result in overinflation of the parameter estimates for level and volume. This suggests that multicollinearity was not a significant issue in this analysis.
One strength of this study is that the statistical technique of multilevel modeling was used to evaluate the effect of hospital-level factors on the outcome of high-risk newborns, and this represents an improvement over methodologies used in previous studies, including two of our own. [1] [2] [3] 5, 10 First, the majority of these studies evaluated hospital level of care alone on the risk of perinatal mortality and did not account for confounding by hospital site of delivery. 3, 5, 10 Two of the more recent studies, both of which were performed by members of our group, have evaluated the effect of hospital level of care and hospital volume on mortality of very low birth weight infants by disaggregating these factors, treating them as fixed effects at the individual level, and then using traditional, individual level statistical tools for the analyses.
1,2 One potential pitfall of using individual-level statistical techniques (logistic regression) to evaluate hospital-level factors is that cluster correlation at the hospital level may not be fully accounted, causing the potential to overestimate the effects of hospital-level factors. 7 Finally, none of the aforementioned studies have evaluated hospital factors other than level of care or hospital volume. Although teaching status has been controlled for in some previous studies, an effect estimate for this specific factor, in addition to other hospital-level factors, such as the availability of Maternal Fetal Medicine and Neonatology services, have not be previously determined. As such, the statistical technique of multilevel modeling is particularly suited for this analysis, as it allows for the simultaneous evaluation of a number of hospital-level factors, while adjusting for individual-level confounders and eliminating the potential to overestimate the true effect of hospital-level factors as might occur with traditional, individual-level statistical methodologies.
A second strength of this study is the large sample size and population-based nature of the data afforded by the use of an administrative database. 11, 12 In turn, the use of such databases for research purposes also presents some potential limitations relating to the accuracy and validity of the coding of diagnoses. [13] [14] [15] Other limitations of this study include the fact that, although hospital level of care and hospital volume were known for each delivery year, data on hospital services were only available for the year 2001 and were extrapolated to the other years in which individual-level data were available. Future studies should therefore focus on the more precise evaluation of these hospital services, as their presence or absence may vary over time, in addition to other potential hospital characteristics that may affect neonatal outcomes, such as the 24-h availability of obstetrical anesthesia services and in-house obstetrical services. Further, the effect of hospital characteristics on maternal outcomes also deserves attention.
A final limitation of this study is that risk adjustment could only be performed for known risk factors. Thus, unidentified and/or unmeasured risk could not be addressed, leading to the possibility of residual confounding or selection bias. This is the unfortunate limitation of virtually all observational studies. Certainly the prospective, randomized controlled trial is the best means of minimizing or even eliminating these biases. However, not all interventions, including the randomization of hospital site of delivery, are amenable to such study designs. Alternatively, the implementation of statistical techniques, such as instrumental variables or propensity score modeling, may be useful in future investigations of this question.
In conclusion, we have used the technique of multilevel modeling to confirm that the best outcomes for very low birth weight infants occur in the highest-volume hospitals. This corroborates the findings of previous studies in which non-hierarchical statistical techniques were used and this suggests that the results of these previous studies were not because of a type I error as a consequence of unaccounted cluster correlation at the hospital level.
1,2 Therefore, the continued trend toward the decentralization of perinatal services in some areas of the United States, including California, Washington, North Carolina and Missouri, may not be a desirable trend, particularly as it does not appear to be improving access to care. 6,16 -18 This study also suggests that the mere presence of specialty obstetrical and neonatal services in a hospital does not guarantee improved outcomes. In fact, hospital administrators should be cognizant that the addition of such services in smaller, lower-volume units may actually have undesirable consequences.
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